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(57) Abstract 



Patterned conducting polymer surfaces exhibiting excellent properties may be prepared by: (a) forming a surface of a conducting 
polymer on a surface of a substrate; (b) forming a surface of a blocking material on the surface of the conducting polymer in a pattemwise 
fashion, to obtain a first patterned siuface containing regions of exposed conducting polymer and regions of blocking material; (c) treating 
the first patterned surface with an ageni which: (i) removes ibe conducting polymer from the regions of exposed conducting polymer; 
(iO decreases the conductivity of the conducting polymer in ihe regions of exposed polymer, or (iii) increases the conductivity of the 
conducting polymer in the regions of exposed conducting pk>lymcr, and (d) removing the blocking material to obtain a second patterned 
surface containing an exposed pattern of conducting polymer. 
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TITLE OF THE INVENTION ^ 

PATTEmiED COlipUCrXNG POLYMER SURFACES 
\ AND. PROCESS FOR PREPARING xks SAME- 
AND DEVICES: CONTAINING THE SAME . 

BACKGROUND OF THE INVENTION - . . 
Field of the Invention ; • * { . 

. The present invention relates to a simple, convenient 
process for preparing high-resoiution patterns of a conducting 
polyner on a substrate. The present invention also relates, to 
the. patterned conducting polymer surfaces so prepared and to 
d^ices, such as liquid crystal displays, which contain such a 
patterned conducting polymer surface* The patterned 
conducting polymer, e.g. pol^yrrole/ may serve as a 
conducting material to provide a means of addressing selected 
pixels of a lightweight, flexible liquid crystal display. 

Discussion of the Background ; 

In current liquid crystal (LC) display fabrication 
technology, the most widely used conductive material is indium 
tin oxide (ITO) . However, the use of ITO has several- 
disadvantages in manufacturing. One drawback is the 
relatively high temperature (about 250 •C) at which ITO is 
deposited onto glass or other solid substrates, which can 
damage other components of the display such as polymeric color 
filters. Another probleia is that when ITO is deposited on 
plastic substrates for purposes such as fabrication of 
flexible LC displays, the ITO becomes brittle and fails when 



. . t . 

V "the display is - in a cnirved ',cpnf igur 
: > TtiuSr is a-Weed for-a i?lia^^ 

replace ITO £orTioS§F€^ and/oi: large v,^ % 

arek LC display 'dfeVic^s ' ' \> 1 -^. ; ' ^: ^ V.v^' 
► An electrically ^onducrt:ing pblyiaer^^^^ • : ; 

;^Xttoiatiye- to ITO as the conducting' majterial, because ite can = 
'be processed at anbii^nt temperature €ucid it is- a. flexible . y 
ordaiiic material similar to thet plastic substrate. A . general:. 
/refiarence-Wrtb^ i^.r 
ID / : mbriogMph organic Co nductors, J^P, Farges,' Ed. , M5«:cel ibeJOcer, > 
irirv NYr 1994. The conceipt of using a - conducting polymer .a^:a,.> 
replacement for Ilro in a LC display is described in U.S. 
Patenr-fippliTiation Serial No. 08/401^912, filed oh March 9^ 

1995^" . . . • * 

L5 . - y .The conducting' polymer polypyrrole (PPy) is an excellent , 
* choice as a replacement conducting material for ITO, because 
tPy can be prepaired by a convenient, in-f?itu polymfirizationv 
method, and PPy films can be produced with surf ace resistance, - 
^ . - electrical conductivity, and- transparency- i.; 

20 crharacteristics that are appropriate for LC displays and other 
' applications. The in situ method can be used to deposit thin,/ 
transparent films of electrically conducting polymers, such as , 
polyaniline and polypyrrole from aqueous solutions of the 
• parent monomers, aniline and pyrrole, as they are undergoing 
25 • polymerization. This method eliminates the necessity of first 
synthesizing the polymer and then dissolving it in a solvent 



for film deposition and *is: the simplest: aitd least' tise* 
• consuming appirpach for prej^aration . of conducting polymer 
films » The -use of aqueous solutions for the in-*si tu 
polymerization method also alleviates environmentally-related 
organic solvent i^ispqsal problems; Both of these factors are. 
important for technological, scale-up and commercialization of 
. processes using conducting polymers. 

PPy films deposited by. the in-sltu. method can be prepared 
with conductivities > aoo.S/cm- using the anthraquinone-2- 
sulfonate' ^ounteridn in the- presence of 5-sulf osalicylic acid 
(see for .example: R.V. Gregory, W.C. Kimbrell, and.H.H. Kuhn, 
Synthetic Metals^ vol. 28, p. C-823 (1989) )• This translates 
to a surface resistance of between 600-3000 n/square, nearly 
two orders of magnitude lower than that for typical 
polyaniline: films deposited by the In situ method. These PPy 
films can also.be obtained with optical transparencies in the 
range of > 65%t7Q% transparent. Xn-situ-deposited. PPy films * 
therefore have properties that make them very useful as 
conductive elements for the fabrication of a variety of liquid 
crystal display devices* 

To fabricate an addresisable LC display, one of the 
conducting elements must be patterned to a particular geometry 
and linewidths that constitute the designated output of the 
display* Depending on the nature of the LC display, the 
geometry may be in an alphanumeric pattern, a grid pattern, an 
array of dots, or some other pattern. The miiiimxim dimension 



of the pat-terned f eatures typically ranges' froB' relatively - 

large (> 'lOO.yti)' to very fine* (*-io fof) A process* ifpr - . 

patterning' conducting polyners must bd 'able to adet: the- . 

resolutian refquireinents of the display. Additioiially,; the'. V, 
process for patterning the conductive: polymer must no^. 
adversely* affect the electrical surface resistaince or the 
optical transparency of the^ conducting polymer in the active 

regions, br-the properties of the underlying substrate* v 

. .... . - • - ' * . 

Fiiially, the "patterning process must be simple; reprdd^icible, ; 

cost-^^f ectiyd, and compatible with existing manufacturing 
equipment 'used in the 'I>C display industry. V: 

A number of methods have been reported for producing 
patterns of . PPy oh various substrates. In one method,- long- 
chain aUcyl self-assembled m;onolayer. (SAM) films airis. stamped - 
onto a gold substrate. The SAH-modified electrode is iminersQdi 
..in a solution of pyrrole, and the SAM film blocks electron- 
transfer so that ppy is. deposited only in the bare regions of 
the substratie. For a detailed description of this • approach, 
see: C.B. Gorman, H. A; Biebuyck, and 6.M. Whitesides;. 
ChBmlstry of Materials f vol. 7, pp. 526-529 (1995).^ In - 
related approaches, the patterned deposition of PPy. can be 
initiated at semiconducting substrates by patternwise exposure 
of the substrate through a solution containing pyrrole 
monomer. The polymerization and deposition of PPy is then 
initiated photoelectrochemically at the substrate in the 
irradiated regions of the substrate. For a description of 



these approachesy see: H. HiJclta, 0. Niva, A» Sugita, and 
T. Yajnamura, Japan iTpumai of Applied Physics -vol. 24, pp. L79 
(1985) V and H.ybliano, iTYt^rk^^^ . . 

Journal of the JSlectrocheMical Society, vol. 134, p. 837 . 
(1987). These nethods are. limited to sietallic substrates such 
as gold or semiconducting . substrates such as silicon, and are 
not appropriate for use on. flexible, insulating polymeric 
substrates. 

In a second method, -a- :fluoropolymer: substrate is. modified 
by ? plasmavtreatment - to: create^ regions of greater- or lesser: • 
adhesion for a PPy film formed from an in^sita deposition 
method. The plasma is prevented from accessing the substrate . 
ih""cerxain regioliS~by-th^ usb^ of physical mask such as a 
metal grid. The PPy is deposited initially over the entire 
substrate, but is then r^oved from the unmodified regions by 
either ultz:asonication in solution or by removal with, adhesive 
tape. For a description of these- approaches, see: U.S. Patent 
Application Serial No. 08/401,912 (see above) and L.S. van 
Dyke, C.J. Brumlik, W. Liang, J. Lei, C.R. Martin, Z. Yu, L. 
Li, and G.J; Collins, Synthetic Metals, vol. 62, pp. 75-81 
(1994). These methods are limited to relatively low 
resolution PPy pattern formation, characterized by rough 
edges, and the use of physical masks is not compatible with 
standard manufacturing techniques for preparing commercially 
useful addressable liquid crystal displays. 



• . . . ' • * ■ ■ • 

?'^ Iri a>i^ird »iBthodV ai PPy f iia deposited otir i - : ' ? 

fl\ioropolyineri6 substr was removed froii selected regions of- 
the sufistrate by laser iiblationx^ For a descriptioji ot this ; 
approachr: see:r:iL.S^ vian D^^^ Brumlik>/C*R. Ilartiir^? 

z: Vu, and Wj>. Collins, Synthstic HetalSr vol. 52; piJ, 299- \ 
304 (1992) . • This approach is hot preferred for: practical 
applications du€i to the need for expensive, * high-power .laser . *. 
^cposufe tools which, are not desirable for cost;-ef f ective / 
inanufactidringr • as well as. the damage caused by laser ablation . 
to. th?undier lying substrate and the edges of the patterns* 

In a fourth method, pyrrole vapor is absorbed into a filia 
* of a chlorine-containing polymer such as 
polychlbtfcJarcrVltmiiariL^l^ 

irradiated in \a pattemwijse fashion. In th6 phot:.61y*ed . ; 
regions free -radicals are created f rom ' dissociation^ of the . 
chlorinated polymer, and the radicals initiate polymerization 
of the absorbed pyrrole monomer: to form a PPy/PCAH composite • 
For details of this methCKl, see: Baumanh, liiinarz; and 
J. Bargon, synthetic Metals, vol- 54, pp- 243-249^ (1993)- No. 
electrical conductivity data for the polymerized pyrrole 
• composite- was reported. However, because this material is a 
mixture of PPy and an insulating material, the conductivity of 
the composite is almost certainly much lower than that of pure 
>py which is a severe disadvantage for use of the composite as 
a. conductive material for display f abrication. In addition, 
this process is limited to those chlorinated polymers that 



produce, sufficient f rete xadicals 1:o iiiitia1:e th^ 
polymerisation of. pyxnrole. .0£ the four polynij^rs tested,-, only 
PCAH required as littTe^as: 3: miniltes^^f ^ with a high • 

intensity (100019) lamp;. ...Also, the reported times for sorptic^ri. 
5 . pf pyrrole into the chlorinated polymer were -5-10 hours, 
which is impractical for use of this process in. routine v 
manufacturing. 

Several methods have been described for patterning 
polyaniline ..(.PAni) Jn.: one.. method, a film is-.prepared f£^om a.. 
10 watSr-soluble derivative . of *^:PAni that contains a cross- « ^ 

linkable group on the polymer backbone. The film is exposed.' 
to electron-beam or UV irradiation, which crosslinks the 

i3Rolymer— in-the-ex p osed-regidnr-and the-unexposed-areas are 

dissolved in water to produce the final patterns. 
15 . Conductivities reported for the patterned PAni films produced 
by this method range from 10*^ to 10** S/cm, which are much 
lower than the value of 1 S/cm that is characteristic of. the * 
best f ilmis .of unsubstituted PAni films (and again several 
hundred times worse than typical values for PPy films) . For a 
20 description of this method, see: M. Angelopoulos, J. M. . Shaw, 

N.C. Labianca, and S.A. Rishtpn, Journal of Vacuum Science and 
Technology, vol. Bll, pp. 2794-2797 (1993) • This method is 
limited to specially-derivatized PAni polymers, and the 
inherent requirement of derivatizing the PAni backbone with a 
25 cross-linkable group for pattern formation- leaids to severe 
degradation of the electrical properties of the conducting 



>•■ ■" • ■- .'' ■ ■ ■. • ••■ -8-.- ' ■. • 

* . .--*"« . . 

pbiymef/ making it undesirable for; uSo as an active- element in J 
Lc'-display-fabric^ \ ' 

' Thus» all 'Of the abpvejf described niethods have inherit 
:i'tmitat ions with respect to the^i.'isuitab^^ for practical * • 
fabrication of high ire^blution. patterns of highly conductive 
polyners on polynerlc , substrates i ! Thus, there remains a need 
for a process for preparing patterned conducting polymer 
surfaces V&ich does not- suffer from stich dravbadcsv In 
.particui^/^there remains a need for a simple, conyenient . ; 
process • f of producing f irie plEittei^s of conducting polymers 
which exhibit good conductance . anid. optical transparency. 

SUMMARY OF THE INVENTIOH 
Accordingly; it is one: object of the present invention to 
provide a novel process- for* preparing patterned conducting 
• polymer surfaces* 

. It is another object of the present invention to provide 
a siinple and convenient process for preparing patterned 
conducting polymer surfaces • . 

It is another object bt the present invention to.: provide 
a process' for preparing patterned conducting polymer surfaces 
which affords patterns of conducting polymer exhibiting good 
conductivity properties* 

It is another object of the present invention to provide 
a process for preparing patterned conducting polymer surfaces 
which affords very fine patterns of the conducting polymer: 



^ . It is another object of the present invention to provide 
a process for preparing patterned conducting polymer surf aces 
which affords patterns of conducting polymer exhibiting good. . 
optical transmission properties. 

It ijs. another object of the \{>resent invention to provifjei 

novel patterned conducting polymer surfaces prepared by- such a 

process.. 

It is another object of the present invention to provide 
devices which- contain such a . patterned conducting, polymer 

. sturikce* - - 

. The^e and othier objects, which will become apparent 
during the following detailed description, have been achieved 
by the inventors' discovery^that-pattemed- eonducting polymer 
surfaces exhibiting excellent properties may be prepared by i 

(a) forming a surface of a conducting polymer on a 
surface of a substrate; 

(b) forming a surface of a blocking material on said 
surface of said conducting polymer in a pattemwise 
fashion, to obtain a first patterned surface 
containing regions, of exposed conducting polymer and 
regions of blocking material; 

(c) treating said first patterned surface with an agent 
which: (i) removes said conducting polymer from said 
regions of exposed conducting polymer; (ii) 
decreases the conductivity of said conducting 
polymer in said regions of exposed conducting 



' ■ • . '' ^ '• ' * . . ^ 
... .^.*^v' (iii) iiicreases^the canducrtiyiliy 'bf^^^^ 
* \ • ^ f ^cofidu 

V:-V 4 coi^^ and. ■;•'-';**' : • * -^-r .t- ■ : 

;? (d)S material -Iro obtain a sec6nd^*. . 

' • * "^pktterhcd sw^^ contaixiihg . an> eiqpbsW pattera 

V . ' conducting . ' / . 

V .\ ' -BMEP^ DESCRXPTIOy OF rTHB DRAWIWGS 

V. A: ttbre 'febiBpict ^apjpreciatioh' of the invention 'and* nany of 
the a^eiidarit advantages thereof will be ..readily pbtained as 
the s^e becbme^ .better und^ tOr the' . . 

following detailed description when considered in connection 

:-with-tlT^ax^mpAhyinig^^ " V; 

• Pigure- 1 is a scheiiatic' diagram of Xone ejibodiment- of the 
present, process; \\. * . .*-.*•■:.•" 

Figures 2a and b are optical nicbirographs of patterned 
surf acea prepared .by . the* presei^^ 

Figure* 3 is . a micarograph. of a patterned surface prepared- 
by the- present process; ■ 

Figure. 4 is* a micrograph of a patterned -surf aca pretpared 
by the present process; 

. Figuire 5 is a schematic representation of a polymer 
dispersed liquid crystal (PDLC) display according to the 
present invention; and ' . 



: . V --^Figure 6 is a schei&atic representation of a. conducting 
polymer? twisted nematic liquid . crystal display according to. 
:i^e l^fesent inveritioif^ — ^ 7 

. PETAliro DESCRIPTION OF THE PREFERR ED EMBODIMENTS 
Thus in a first embodiment , the present invention 

provides a process for preparing a patterned surface of a 

.conductive, polymer by : 

. /• ^- :(a) - forming, a. surface of a. conduct^-ng pp.ly^er. on a . * . 
surf ace of a substrate; . 
' (b) .forming a surf ace of a blocking material on said' 

surface of sai<^ conducting, polymer in a patternwise 

fasfaxon-^o^-obtai n a fir s t p a tt ern ed surfac e 

containing regions of exposed conducting polymer and 
regionis of blocking material; 
(c) treating said second patterned surface with an. agent 
which: (i) removes said conducting polymer from said- 
regions of exposed conducting polymer; (ii) 
decreases the conductivity of said conducting '—' 
polymer in said regions of exposed conducting 
polymer; or (iii) increases the conductivity of said, 
conducting polymer in said regions of exposed 
conducting polymer; and 
(d) removing said blocking material to obtain a second 
patterned surface containing an exposed pattern of 
conducting polymer. 



. ; V i iti the first step tajV a surface .of a conductingiipalyiner 
"is fbrned on .a surf ace .of ^ja subatrate;^;' In principle, any ^ /. 
^ polyiner having an eltecttidai^^ c^^ : 
tf>lp'?S/ciiir pr^fMrably at ieasjfc. a>10**S/cni, can be used> as the- 
- s conducting polymer. Such conducting polym^s are described in 
. .Chapter 11 of organic Conductors . J. p. Farger, Ed*. H^cel . 
DeXker, NY, HY^ 1994, which is incorporated herein by 
- reference. Such conducting polymers include, ^ e.g. , cls.kn^y 
trans polyacetylenes (PA) ^ polydiacetyleiies (PDA) ,^ 
\ 10 polypMaphenylenes (PPP) , polypYrroles (PPy) , polythiopbenes 
- (PT):, polybithiophenes, pblyiisothiane^phthe 
polypheny lenevinylenes (PPV) , polythienylvinylenes (PtV) , • 
* polypheny lenesulfide (PPS) , and polyaniline (PAni) T Fox: 
convenience, the structures of these conducting polymers are 
15 / . .shown below. 

*. trans-Polyacetylme: 




cis-Polyacety lene : 




or 



Polydiacety lene : 
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R = Gi.22-aDcyl, phenyl 
= Ctljj-alkylr phenyl 



Polyparaphfenylene' 



5 Polypyrrolez 





Polythiophene : 
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Polyisbtloiianaphttehe 




P6lypheny ifenevinylene : 




Poljrthieny lenevinylene : 




i^olyph^ny lenesulf ide ; 




t15- 



Poiyaniiine 




Emeraldine: X » Y 





-j-N= 









Pexnigx emi 1 ine 



Polybithiophene : 




5 



In the above-given structures , . it is to be understood 
that H atoms may be replaced by substituents> such as C^.^,- 
alkyl, or phenyl or groups containing ionic groups such as 



carboxylase sulfonate. These groups nay be att^.9^ed.. j 
directly- or through' ester, 6ther, or amide liol^V;. ,Xn geniieral, 
substitution worsens the electrical conductivity, of the. 
conducting polymer; init may enhance features suc^ ^5 .. 
solubility or orientation at the air/water interface, . for 
example. In particular, in the case of polypyrrole, it is 
preferred that no substituents be present, because such 
substituents typically lower the electrical conductivity. 

References which further -describe the synthesis, and; . 
prope^ies of these conducting pplymers include: 
M.r. Conbarel -ct al, C-R. Acad, Sei. Ser. C. vol-. 262, p. 459 
(1966) ; L.T; Yu et al,. J. Polvm. sei. Svmo. C. vol. 16, p. 
2931 (1967); M. Doriomedoff et- al, J. chtm. Phvs. (Paris)., 
vol. 6», p. 39 (1971); T- Ito et al, J. Polyn. Sci . Chero, Ed. 
vol. 12, p. ii (1974); H. Shirakawa et ai ^ chea. Commun. . P. 
578 (1977) ; C.K. Chiang et al, Phvs. Rev. Lett. . vol. 39, p. 
3,098 (il977) ; t.Jr Hi9«"ey et al, chem. Commun.. P. 594 (1979); 
. A.G. MacDiarmid et al, svnth. Metals, vol. 1, p. 101 (1980); 
D;M. ivory et «t , .T- Chen. Phvs.. vol. 71, p. 1506 (1979)/ 
A.F. Diaz et al, r|^e». Comiun. . p. 635 (3979); K.K. Kanazawa 
et al, rh«.ni. commun. . p. 854 (1979); G, Tourillon et al, i. 
•Fi«.ni-T-f>anal. Chem. . vol. 13$, p. 173 (1982); E.M. Genies et 
al, 5?YTith. Metals , vol. 36, p. 139 (1990); H.W. Gibson et al, 
■ 7, Chem. Soc. . vol. 105,. p. 4417 (1983); M.C. Dos Santos 

et al, P>.Y« t^ett: . vol. 62, pi 2499 (1989); Synth r 

. Metals , vol. 29, p. 2321 (1989); H. Kiess, ed. , Cftni^q^t?4 



Conducting Polymers . Springer Series in Solid State Sciences ,. 
Vol. 102, Springer-Verlag, Berlin,. 1992.. 

Prefeirablyr the conducting polymer is pplypyrrole (PPy) . 
or polyaniline (PAnl) . It. is, particularity preferred, that the. 
conducting polymer be.PPy. «. Moreover, it .is especially . 
preferred that the conducting polymer be PPy with the 
counterion of anthraquinone-:"2-sulfonate prepared in the 
presence of is-sulfosjEilicylic acid. Such PPy ' can be prepared 
as described. in R. v.. Gregory et al, . synthetic. Hetals, vpl» 28, 
p.. ^823\(1989) ,« which is* incorporated herein by reference. ' 

The substrate: may be any substrate on which the 
conducrting polymer can be formed. Preferably the substrate is 
^ dielectric or semieonductorn.^* Examples include inorganip 
substrates such as glasis, quartz^ silica, silicon, silicon 
carbide, silicon nitride, alumina, aluminum nitride, titania, 
titanium nitride, and diamond. Organic substrates include 
pblymers, plastics,,- waxes; specific polymer materials include 
polyesters (e.g., polyethyleneterephthalate) , 
polyvinylacetate, polyolefins (polyethylene, polypropylene,, 
polyisobutylene, polybutadiene) , polyethers (polyethylene 
oxide, polytetrahydrofuran) polyviny Imethyl ether , 
polyvinylbutylether,. polyamides (Nylon 66), polyacrylamide, 
polyimides, polycarbonates, polysulf ones, polyketones 
(polyvinylpyrrolidone) , f luoropolymers 
(polytetraf luoroethylene, polyvinyl idene fluoride, 
poly (tetraf luoroethylene-co-hexaf luoropropylene) ) , aromatic 
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-fejifcboarfeph poiyneis (poiy^yreneV. •polystryOTe^lfon^^ acid), 
%fcylatc.aVid acrylic acid poijhBersVCpblya^ 

- pbiyinethylmethacrylate (MOD^I, ^ ,:'M 
■ pdiymethacrylic acid) , phenolic polyinfers (polyvliiylphenol, ^ ; 

• npvolalc), pblyvinylalcohol, polyaisiltkeS (pblyvinylpyrldihey. .;. 

• p6iyyinyibipyridine> polyallylaaine, pblyethyleneimine) ; 
polypeptides (poiylysine) , siioxane polyners 
(pdrlydiinethylslioxane) , 1^^ 

V'^^'o^lyvlnylchloridW polyvinyiben*^^^ 

• ; poiye^iorpstyrene) , . acetal polyiiM9rs. (polyyinylbutyral) , . 

e^oxies, copolymers, derivatives,* and aixtures of . the above. • ; , 
' - h Preferred substrates for liquid crystal display. . 
'applications are flexible, transparent polymers such as : 

aciyiic poiymearsy polycarbonate, polyethyleneterephthalate, 
• z^d fluoropolymers. In a ^»ref erred : embodiment^ the substrate . 
/ is/ f lejiible. fn a= particularly ^aref erred embodiment, the^ 

"Substrate is a- fluoropolymer, which has been plasma modif-ied as- 
^^.:Mes«ibed in U.S. I^^ 4,946r,963 and 5,266,309, which 

; /are incorporated herein by reference. 

The surface of the conducting polymer can be formed on 
^thk surf ice of the substrate using any conventional method* 
Thus, a solution of preformed polymer may be spin-coated or 
dip-coated on the substrate. However, it is preferred that 
the conducting polymer surf ace be formed on this surface of the 
substrate by in-situ polymeristation of the moncmers which malce 
up the polymer in the presence of the substrate. The in-situ 



formatrion of a surface of PPy is described in R.V^ Gregory et 
al, Sjoithe tic Metals, vol. 28, p. C-823 (1989), which is 
incorporated herein by reference. - The in-si tu f omation of a 
surf ace of PAni is described in J. H. Cheung et al, rhin Solid 
FiliBs, Vol. 244, p. 985 (1994), yhich is incorporated hereiiv 
by reference. " 

The first step (a) of the present process thus yields a 
continuous layer of the. conducting polymer on the surf ace of. 
the substrate. Typically, the conducting polymer layer will 
be ^. nm to 1 mm, preferably, lo ma *o 500. nm, thick.; Control 
of tbe £>olyoierization conditions to obtain a layer of 
conducting polymer having the desired thickness is within the- 
abilities of one hsiYing ordinary skill in the art. 

In the second step (b) , a patterned surface of a blocking 
material is formed on the surface of the conducting polymer. 
The blocking material may be any conventional material which 
does not adversely affect the properties of the conducting 
polymer- For the purposes of the present invention, what is 
needed is a film of sufficient thickness that can be applied ' 
to the conducting polymer surface in a patterned fashion so 
that it can effectively block an etchant (or conductivity- 
altering reagent) for the conducting polymer in selected 
regions of the substrate, and then be removed to reveal 
patterns of conducting polymer and no conducting polymer, or 
conducting polymer and altered conducting polymer. 



"-^ > The patterned surf ace of blocking Baterial vmay; bef-. formed . 
by' any coiiventipnal teclmique/^^such as pattermrise^ i 
br by physical stamping usin'g"^^^^ or p^ttemvise 

sptayihg. In the* cake of radlation-induped patterning of the 
biocking material/ the blbckihg material will be a resist and 
step (b) will involve the. fplloving substeps: 

(bi) forming a surf ace of a resist on. said 
' • surf ace', of said conducting polymer;^ 

(i>a)'^ ^5^sing s^id. surf ace of said resist to. -* 
^ - actinic radiation in. a pattemyise fashion; . . 
to obtain a patterned surface containing. 
regions of resist which have been exposed 
^ to' said" actinic radiation and regionis of 

resist which have not been exposed to . said 
actinic radiation? 
(bj) developing said patterned surface obtained . 
* in step (b,) to' obtain a patterned surface . ' 
cpntfiining regions' of exposed conducting 
polymer and regions of- remaining resist; . 
For radiation- induced patterning, the blocking material 
will be- sensitive to photons (infrared, visible, UV, x-ray) , 
ions, 61? electrons- A typical imaging film would, then be a - 
photoresist, ion beam resist, or e-beam resist- Descriptions 
of various types of imaging films, such as photoresists, e- 
beam resists , x-ray resists, including chemicallyramplif ied . 
and non-amplified photoresists, as well as positive, and 



iijegative tone resists r are found in: .Wv Moreau, Semiconductor 
I^ithooraphv - Principles. Practices, and Materials ^ P.lentim 
Press^ NY, 19^8S— C^hapfeers 2'-5^^ R.. Danaael, 

Diazonaphthocniinene«based Resists' ,. SPJE Press, Bellinghasi, WA, 
1993; E. Reichmariis, S%A. HacDonald, Ivayanaga, Polvners in 
Microllthooraphvs Materials and Processes. ACS Symposium 
Series Vol. 412^ ACS Press, Washington, DC, 19.89; L.F. 
Thompson,. C.G. Willson, and S. Tagava, Polymers for 
Microelectronics: Resists and Dielectrics . ACS Symposium 
Series Vol. 537, ACS Press, Washington, DC; 1992, all of which 
are incorporated herein -by reference*. 

Alternatively, another method for applying a patterned 
. hloelein g film would be to p hys;ically sfcamp or spray a blocking 
material onto the conducting polymer surface in the selected . 
region, and then proceed with etching or doping of the exposed' 
'regions of the conducting polymer surface* In the. case of * 
stamping and spraying, any inert material which can be readily 
removed without adversely affecting the conducting polymer 
layer may be used as the blocking material, such as a ' 
polymeric naterial as described above or a nonpolymeric 
material such as a wax or a compound which contains a long 
(Ciaoo) alkyl chain or other hydrophobic group. . 

Examples of specific commercially available e-beam 
resists and photofesislbs include: S1400, S1800, SNR-248, 
SNR-200, and SAL- 601 (all from Shipley Co., Marlborough, MA); 
the AZ 1500, 1900, 6100, 4000, 7000 series and the AZ P4000 
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serieW (eig. r. AZ-*40>..an4 Aj5-4620): photoresistsRfro^^^^ 
celahesc (Soiaeivili^^^^^ Photoresist :pi:iE3sd&c^ . ' 



Hbechst Ceaanese Corporation r Somerv^^ NJ/ 0dS>~.wriicli^i . 
. incofiE>or4tcd herein by re^^ and the^^•belM^ 

poiyiiethyl methacrxlato;* (PlO^ (Al^ilch Cheiidcal .Cd^^^^^^^^^ 
. Milwaukee, WI).. Preferred photoresists^ due to factor^ such - 
as lower cost, wide 'availability/ and sensitiV i 
and long wavelength tJV^ are the diazonaphthogu4.nonernQyola]c ,1 
types, ^^einplif ied l>y the Si400^ SlSDo/ and AZ-lSOOi, A:^-i900, 
:AZ-4400 and 4620 series resists. * . 

Either a positive , or a negative photoresist may be used 
A positive photoresist Is one in which pattemwise irradiaticin. 
' vith~ actinic radiation and sub^iequent deyeiopment^^atf pr^^ 
patitemed surf ace in ,which the photoresist whicto Vas 
5 irradiated, is reiBdy^d from the surface. .A negative * : 
photoresist is one in which patternvise irradiation With 
actinic radiation aiid subsequent- devfelopinent affdrd&ia.: 
patterned surface in which the photorei^ist which- was- not . 
irradiated is removed from the surface! * , ^ . 

►0 The surface of the photoresist may be formed on -the 

surface of the conducting polymer by any conventional method, 
such as spin-coating, dip-coating, roller coating, etp. Spin 
coating is preferred for wafers and smaller. (!S12'!!) substrates; 
Roller coating is of particular use for large area substrates, 
25 such as large, area liquid crystal display substrates. 
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. Photoresist layers for this type of process imay range 
' ; •A^betyeen. 0*01 and lO microns dn ^ickness; typical values are 

> . 0,.5-^2 nicrbns, although thicker and thinner ones may 

■ "cpnceiyabiy b^ ^sed. 
5 In substfep (bj),, the surface/^of . the photoresist is exposed 

to actinic radiation. The exact nature of' the actlnie 
radiation used will depend on the type of photoresist used in 
. the second step (b) . 

—Photoresists of the ^novoiak-diazonaphthoquihpne type are. 
■ 10 typically - sensitive throughout the UV to near visible range • . 
i.e., from -450 nm down to 190 nm and below. Chemically- 
amplified photoresists are generally designed! for- use with 
bigh resolution exposure-tools subh-as^Aetep, UV sti^ppers, and 
are usually sensitive to radiation from about 365 nm down^ to 
15 190 nm and below. For a description of the operation of 
optical and other radiation exposure of resists, see: 
Horeau, . semiconductor Lithography - Principle s. Practices, and 
Materials . Plenum Press, NY, 1988, particularly Chapters 8 & 9 
: (pp. 365-458) which is incorporated . herein by reference.. 
20 Typical sources for photolithography include: hig>i pressure 
and low pressure Hg lamps (emitting UV and visible light, 
operating from 185 nm thru TOO), and laser sources (e.g., ArF 
and KrF lasers, operating at 193 nm and 248 nm, respectively) . 
The surface of the photoresisft is irradiated in a 
25 patternwise fashion by using a photolithographic mask- A 
discussion of photolithographic masks and their use in 
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contact, jpifoxinity, and prb3ecfci6n printing cifiVbe'fjburid-in'.^^^ • 
Moreau, SeTniconaiictor I.ithochraphv - Principles; Practices ^ and -' 
gaierialsV Pleiiim Press/ inrV . ISM 379-397 aiid 401-402, ''-^\ , 

which is incorporated herein by reference • The exact g^oiaetry" * 

of the mask will depend on: (1) the' pattern of the ..conducting . 

• * . » - • • < . . . * 

polymer desired; (2) whethei? a .positive or negative 
photoresist is being used; and. (3). the type of agent being 
tised in istep <c) • 

Thus^^l the second step .(b)^ affords a continuous, layer of ; 
* the photoresist- oh the surface of the layer of the conducting., 
polymer, ^control of the conditions^ in the. method used for y* 
forming the photoresist surface to obtain a layer of 
photoresist;. having the desiifed thickness is ve^ll within the ... 
abilities of the skilled artisan. . 

' When ii^ing a positive/ photoresist and~an agent which 
either {i) removes the conducting polymer from the.riegions of 
exposed conducting polymer; or ' Ci^).- decreases the conductivity 
of the conducting polymer in the regions of exposed conducting 
ipolymer/ the mask will have a. geometry suc^ that those regions 
of th^ surface on which no conductivity or reduced 
conductivity are desired are irradiated and those regions of- 
the surface which are desired to exhibit good conductivity a!re 
not' irradiated. When a negative photoresist and an agent 
which .(iii) . increases the conductivity of thei conducting 
polymer are used, the same type of mask may be used*. 



Alternatively, when a jpositiye photoresist is coupled 
with an agent of type; (iii) or when a negative photoresist is : 

coupled v i1 £h an age ntrTof-typ^ -<1) orr (rl) , then--fehe mask will 

- have a geometry suchr thai: those regions of the surface on • 
5 which no conductivity or reduceci: conductivity are desired are : 
hot irradiated and those regions of the surface which are 
desired to exhibit good conductivity are irradiated. 

The time of the irradiation will depend on the intensity 
and wavelength of the irradiation source and the thickness of . 
IX) the photoresist layer. The adjustment of the radiation tinie 
to achieve complete irradiation of the desired regions of the- 
photoresist surface is well within the abilities of the 

skilled-artisani^^ — — 

Thus, substep (b^) ot the; present process yield a first 
15 patterned surface which contain regions of photoresist which 
have been exposed to actinic radiation and regions of 
photoresist which have hot been exposed^ to actinic radiation. 

In substep (bj) the patterned surface obtained in substep 
(bj) is developed to remove regions of photoresist. The - 
20 development is typically carried out by contacting the first 
patterned surface with. a reagent or solvent which selectively 
removes photoresist on the basis of whether or not the 
photoresist has been exposed to actinic radiation. When using 
a positive photoresist, the developing step will result in the 
25 selective removal of the photoresist from those regions of the 
surface which have been irradiated. When using a negative 



vivynw^.r , — 

phdtojresist> - ihfk developing, step; will resultr' in the selective^ . 
reiDOval 'o£\thjft.ph^ frbni' '^thpse regions of the surface . ^ 

which have nc^t; been- irradiated; suitable , developing reagents . 
• br/ spivisntd -'^^ of Moreau et' al ^ 

' Seniconductor^: Llthbdraphv - Princitiles, Practices, and /. 
: Matgriais / PlenuA Freiss, NY, .1988, pp* 459*544-, Which is 
djicorpordtediherein^^ b^^ 

' rn&iis/ affords, a patterned surface which " 

;,cdhtains^^f>gipn^^ of . Exposed conducting polyi&er. and regions of 
•^ renainxng photoresist; ' Control of . the conditions, such as 
i tine, : temperature and concentration, to ensure cosiplete 
develdpnent in silbstep (b^) is also well within , the abilities 

of the. slcilled "artisan, "i — 

' In step, (c) of the {^resent process, the- f irst patternecl.- 
surface obtained in: the step (b) is treated with an agent - . 
^ich: ( i) r^oves Ibhe conducting polyner ' from the regions of 
exposed, bonduct ing polymer ; ( ii) decreases * the : conductivity of 
the conducting; polymer in the regions of. exposed conducting* 
polymer; or (iii) increases the* conductivity of the conducting 
polymer in the regions of exposed conducting polymer. * . 

, Examples \ of agents which (i) remove the conducting, 
polymer 'from the regions . of exposed conducting polymer include 
both physical and chemical etchants. Examples of physical 
etchaints include ion milling (e.g., Ar ion bombardment), which 
would etch the PPy and bloclcing material at comparable rates, 
and therefore remove the PPy before the blocking material was 



eaten avay« This, requires a ponplicated, • expensive tool and 
is less preferred. Chemical etchants may take the fprm of a- 
sblgtaglTTtt: v apor phase. . Exa inple^--pf--vapor-phase etchanirs 
include an oxygen 07 airr plasma, tliat oxidize and eat ayay the 
5 resist and PPy at comparable rates. The ion iKiiling and 

plasma etching approaches are good with photoresist masking, 
because the resist is thick compared to the conducting . 
polymer. For solution etching, there are two main 
. . requirements of the etchant: the conducting ppilymer. has to 
10 either be soluble in the solution, or be converted to a 

soluble species in the etchant, and the etchant must also not; 
dissolve or distort the blocking material. 

=-^— s^nee-photpgesists are general ly soluble or svellable in 

many organic solvents (see discussion on resist stripping 
15 below), especially polar ones, most organic solutions are 

unsuitable as selective etchants for the conducting polymer 
which will not also attack the photoresist. PPy is generally 
an insoluble material. Therefore, the polymer PPy could not 
be readily synthesized and then cast into films for 
20 applications. It is for this reason (as well as overall 

process simplicity) that the in-*situ deposition process is of 
such importance. Organic solutions are also, less preferred 
than aqueous solutions for disposal purposes. 

There are a number of reports in the literature of 
25 electrochemical or chemical oxidation of PPy- with various 

reagents, including oxygen in the presence of water, PbO,, Ag* 



Cu**r. Fe**; Br,; Ij. Spectroscopic. :&1:tidies ^uggc^ 
pxidatibn of PPy with t^Ti^se reagents; ihvol^ changes. sucdiTas-.V: 
hydroxylation of the pyrrolyl nitrogen or conversion of v • 
pyrrole ring methyiene grblips to ketone or car)CK>xylic:: acid 
fuhctionalities> but does not substantially break up thfe '/\\ 
polymer into soluble material (seesyG^B. Street,- T.cJ .clarkfe^ . 
Mi kroimbi, K. Kanazava/Y. Lee, P. Pfluger^. J.C.'ScottV and 
Weiser, Molecular Crystals and Mouid Crystals - Vol. 83*,.; 
. ppw 253-2f6'4 (1982) ; C. KaKouris, J;A* Crayston, and J.:C. 
Walton, Synthetic Metals .^ Vol,' 48, pp. 65-77 (1992) P. A. 
. Christensen and A. Haimnett, Electrochimica Acta, Vol. 36, . 
\pp. 1263-1286 (1991) ; J. Lei, w. Liang, and C.R. Martin, . 
synthetic Metals. Vol. 48 , pp.. 301-312 (199^) . . Iii-fact,. ' • 
street reports that oxidation with Ag*, Cu*^, Fe'*/ fir^, I, 
seryies to. increase the conductivity of the PPy, vhiereas . - \ 
oxidation with air or oxygen results in decreased 
• conductiyity. 

The only report that describes' dissolution of PPy by. 
proposed* degradation into mononeric, dimeric, .. and otlier 
soluble fragments is the ^report by CO.. Chen and K. Rajeshwar, 
J. Elect rochem, Soc, . Vol. 141, pp. 2942-2946 (1994). Here, 
chloride. ion was electrochemically oxidized to hypochlorite at 
a PPy coated electrode and the disintegration and dissolution 
of the PPy from the electrode was obseryed. No suggestion was 
made for using the electrochemically generated hypochlorite 
for patterning PPy; in fact, the work reyealed this reaction 



to-be a deleterious side effeqt in the use of PPy as an 
electrode coating for battery ceils using chloride ion 
electrolytes! • v-. 

Thus, OCl* is the only; reagent reported in the literature 
that can fimction as an etchant f or PPy* Also, as it does not 
dissolve or degrade the photoresist, it is ideal as an etcharit 
for the present process* /Ceric (IV) ammonium sulfate has now . 
been found to functioii as an etchant by removing the PPy from 
the substrate. The mechanism , of its operation is unknown. 
Both hypochlorite and Ce(IV) are^strong oxidants, with formal 
potentials of 4-l.i53 V (vs. NHE) and 1.44V (vs.. NHE) , 
respectively- However, oxidation potential is not the only 
important factor, as PbO,; which is reported by Kakouris to 
oxidize PPy, but not dissolve it, has a formal potential of 
+1.46V - greater than that for Ce(IV). Hydrogen peroxide, 
manganese dioxide, nitric acid, and perchloric acid, all shown 
in Example 2 below to have little effect on the dissolution of 
PPy, have formal potentials of +1. 78V, +1.21V, +0.94V, and 
+1.19V^ respectively. All of these oxidants can be compared 
to the; electrochemical potential for oxidation of PPy, which 
is -r-0.2V; 'SO every one of the oxidants mentioned above has in 
excess of IV driving force for the oxidation of PPy, yet only 
. two reagents were found to be able to dissolve (as well as 
presumably oxidize) PPy. 

Other agents which may be used for PPy removal are 
strong, aqueous oxidants and include: permanganate ion (MnO^', 
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-M.49V) , dichromatjS: ipn. • (CiriP^^:;r 'flO'SV) , bronisrte don (BrO/; 
+i.52V), hypob^omite ion, (Br6-;- 4;ii^ nitric :bxide (»<p; 



' +i .597) , hypoiodite (Ol; , +l . 45V) , and\persulf]^te TbTTTtS^^^ . 
+2J0V). All eiectrochemicWlVpotentiais tak^h from the .. 

.;S ' CRC Handbook of Cheinistrv and PhVsifca : v53rd Edition, CRC : 

' PresjS, 1972-73/ pp. bllDrilSi' * 
' . Hypochlorite salts, athd ceriuift' (IV) salts i^rd preferre4«. 

' ' . The.gegen ion inay^ be' any., that- doesr not. interfere- or have a\ 

. deleterious, effect* In' the; case of Hypochlorite, -Na and K nay. 
10 ' be neritidned as suitable cation^ • . In the case 'of 'ce(IV) the 
ajBuoniuni sulfate salt has been found to be useful* 

On the other hand', . PAni ; can be synthesized in a soluble 
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polymer £om and^^^n'caijt^or deposited* onto a substrate (we 
{ise dimethylacetanide; soluhiiity; .i^ H-;* 
is nethylpyrrolidone, oir. aqueous acids has been reported; see 

K.Fi SchOch, W.A. Byers, L.J* Bucl&iey, Synthetic Metals . Vol. 
72, pp. 13-23 '(1995) ^' K.G. Hcioh; M.Y;. Pun,. B.T. Kang, and K.L. 
Tan, Synthetic Metals , V61», 73/ pp. 209-215, (1995)).- 
However, the sane general types of solvents that dissolve the 
20 PAni also will likely swell or dissolve the photoresist, ^o, 
' * it is not obvious- at this point whether the solutions-based, 
renoval approach can identify the proper combination of 
etchant and resist stripper systenis*. Preferred oxidizing 
agents include salts of hypochlorite, such as potassium or 
25 ^ sodium hypochlorite,, and eerie ammonium sulfate. 
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. . AS shown in the Examples given below, removal of PPy by .= 
the hypodilorite and Ce(iy): etchants was essentially. .,qompietey :^ 
' . within seconds'. Typically"/' tHese. bxidiiing agents will be \ 
•:• applied to the first 'patterned surfaTO .in the'fom of an. . 
5 . . aqueous solution. In the case o^f^hypochlorlte, O.Opl: wt..% to 
50 wt.t solutions in. water are suitable, and-.l wt.« to 10 wt.?!- 
solutions are preferred.. Irt the case of cerium aanonium 
sulfate, 10-^ to 10. M in water solutions are suitable, and 10"^ 
to 1 M solutions are preferred. Typically, the first 
10 patterned surface wiil be treated with the oxidizing agent at 
15 to 95*C preferably 20 to 30*C, for a time pf 0.1 to 100 
minutes, preferably 1 to 10 minutes. The control of the exact 

conditions td ach±eve-complete-removal-of- the exposed 

conducting polymer is well within the abilities of those 
15 having ordinary skill in the art. 

Of course, it is to be understood that it is not 
necessary to remove all of . the conducting polymer from the 
regions of exposed conducting polymer. Rather, it. is only 
necessary to remove sufficient conducting polymer so that th6 
20 conductivity in the regions of exposed conducting polymer is 
decreased to a level significantly below that of the 
conducting polymer in the unexposed regions. For example, in 
the case of PPy, a 15 nm thick layer will typically have a 
conductivity of 500 S/cm. Since the conductivity of the PPy 
25 decreases with decreasing thickness, removal of only a portion 
of the PPy from the exposed regions will result in a decreased 



c6Aduc±£V'i1^' ih.thps^ A decrease In 'Conductivity by . 

-'a^''f actor!. ^^^^ even- vithouit reapving all • 

voir ;tlxe conducting i^blyaer f roia the exposed regioiis.. When the 
patterned '^uirface o£ conducting polymer i^ beixig^.used. as. a • _ 
circuit or j.h a biochemical sensor/ a decrease in conductivity 
by a factor of/ig*^ pref«a 50%, is sufficient to rjesult in 
•sele.ctivejqonduction through, tixe* o£ higher ^ ' . 

. bdhductivity. When the'prestot patterned surface , is being 
.usiE^ in^^'fiii^ crystal display, it. is preferred tha.t; the .. . 
. conductivity of the' exposed regions of conducting polyner be 
^ reduced';^^uch ' that the ratio of the conductivity of the' 
uiitreated conducting polymer to the conductivity of the 
treatiBd conducting, polymer be at- least 10*, preferably 10*. 

The change in surf ace resistance that was obtained in 
Example 2. below, was- a decrease of .-150x. Specifically, in *, 
onis example, for A 'smarting value of surf ace resistance for 
• PPyi of 2.& kohm/sq : (icohm » 10^ ohm) ,• treatment with HF-312 
developer (tetramethylammoniun hydroxide aqueoias solution) 
prodti'ce'd a surface resistance of -305. kohm/sq, giving a change 
•of -1223C.' ■ ' . 

The-** effect of having regions of higher vs. lower siirface 
resistance with respect to liquid crystal switching is to 
flatten and spread the intensity vs. voltage curve. 
Differential switching in one region vs. another occurs but 
depends strongly on the switching voltage frequency.* Thus, 
the liquid crystal LC switching characteristics of those 
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V regions would be different,, which nay be used in a display 
^ feonf igtifation. 

Examples of* agents which (ii) decrease the conductivity 
: ; of the conducting polymer in the exposed regions of conducting 
5 polymer include hydroxides of th^' formula R^.^^^IH,^, in which R 
• is Ci.4-al}cyl and x is an integer of 1 to 4 and aerial 
. oxidation. Especially preferred is tetramethylammonium 
hydroxide. As in the case of the agents of type (i), the. 
.agents of (ii) are typically applied to the second patterned.' 
10 surface in the form of an aqueous solution. In the case of 

R^.„NHx*0H"^ 10".* to XO M solutions are suitable, and.io;* to 1 H 
solutions are preferred. 

r— ^he-^xaet-eo ndit ions-af-Jbreatment-wi^ of type 

(ii) will of course depend on the exact nature of the agent 
15 and the conducting polymer. In the case of a 0.27 M aqueous 
solution of tetramethylammonium hydroxide and PPy, good 
results may be achieved using treatment times of 6.1 to 100 
' minutes, preferably 1 to 10 minutes, and temperatures of 15 to 
\ 95 ^C, preferably 20 to 30»C. As noted above, when the present 
20 patterned surf ace is to be used as a circuit or in a' 

biochemical sensor, the treatment of the second surface with 
the agent of type (ii) is suitably carried out so that the 
conductivity of the conducting polymer in the regions of 
exposed conducting polymer is reduced by a factor of - 10%, 
25 preferably 50%. However, when the patterned surface is to be 



tis^cl- Jji^ a - l'i(^id cry stall display^; [greater ^ reOiic^lons ate ^ 
riecessaiTrVas 'descrlbiBd^^^^ - • 

-ExaniFiiei of/ ' 
irtcirease fche^ dohductiv4l:y -'Ot :th^ ']^xp6 polymer ' 

include strongfi>rotic acid !^ui>er ij^^ids, varloud . oxidants 
(see i^age . 27/ and Exaiiip 2) ;. and Veldctrocheaical oxidation. 
Prefe^nred ageiritd of type. '( ill)- ihelu.de -H^ mib,^ and HClbf^ 
Agairir^* the setcond ' pattern typically ibe treated 

with' in a^.^^^ of -the iag^t pt' type (iii) ; . In';the'': 

case of strong protic. acids, sucli -as .HClV. HHO3, HCIO, , :and ' 
HjiSO^/ l6'* to 10 M solutions are suitable^ and 10*^ to 1 M. 
solutions ! eire preferred . . • . * 

The'Tencaet ;t'J^ the 
second' patterned surface, will depehd on. the identity of . the . 
agent of type, (iii) and- the conducting polyner.. in ithe case 
of a/1 M solution of IWOy and PFy, good' results may be achieved 
using a tr ektnent ■ time of o • l to 100 minutes , preferably- 1 . to 
10 mihutes^ and a temperature of is tp 95 •C, .prrf to 
30*C. When th6 patterned surface* of- conducti-hg polymer :is to 
be used a& a circuit or in a biochemical sensor, the treatment 
with the. agent of type- (ili) is suitably carried out so that 
the conductivity of the exposed conducting polymer is 10%^ 
preferably 50%, greater than that of thci conducting polymer in 
the unexposed regions. 

Thus, step (c) affords a surface which contains regions 
of blocking material (remaining photoresist in the. case when 
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V substeps (bi), (b,) ; and b,) are used) and. regions in which: . 

(i') at least a portion of the conducting polymer has been 
* 'removed; (ii') the conductivity- of— the-r-exposedl-conducting 
polyaier has. been decreased; or (iiif) the conductivity of the 
5 ' exposed' conducting polymer has been increased. 

In step (d) > the k>locking material is removed. 
. Typically, the remaining. photoresist will be removed by 

washing with a solvent or stripper. The exact solvent will 
depend on the identity of the photoresist. Strippers for 
10 -resists are described in Chapter. 14 of W. Moreau, 

Semiconductor - Lithography - Principles > Practices , and 
Materials Plenum Press, HY, 1988, pp. 779-812, which is 

^jicorporated^herein Jpynr^feren ce. T he obje ctive here is to 

strip the resist without aidversely affecting the conducting 
15 polymer that remains on the surface. Strippers can be: 

1) . Organic solvents, typically polar solvents such as 
chlorinated hydrocarbons (e.g., methylene chloride), ketones 
(acetone, methyl ethyl ketone, methyl isobutyl ketone, N- 

; methylpyrroiidone) , esters, alcohols, diinethylsulf oxide. 
20 Preferred arc non- toxic solvents like acetone that have been 
shown (Ex. 2), not to affect PPy; or 

2) Aqueous strong acid or base solutions. 
In the case of the photoresist S1400, acetone is the 

preferred solvent. The selection of a suitable solvent for a 
25 given blocking material is within the abilities of those of 
ordinary skill in the art. 
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Ptenoyal of the blbdcing material in s;tep '(d> a£f ordd a 
surface containing regions of. exposed cpnductiii^ polymer ; : 
having rtonduc^^ : 
conducting pbiymer surface formed in the first step (a) and 
regions in. which: (i') at least a portion of the conducting . ; 
polymer has been removed; (ii') the conductivity, of the 
.ex^sed conducting polymer has been decreased; or (iiiM. \. 
conductivity of . the exposed conducting polymer, has been. 

"increased^' . ;. 

In cases (i) and (ii), the regions of . .conducting polymer 
which' were not exposed and , which were not treated with an . 
agent in ^ep (e) will have a higher conductivity than the 
-xegions-Ti^rrand^^^ the regions of 

conducting polymer which, were not exposed and which were not 
treated with an agent in step (c) will have a lower 
conductivity -than the regions (iii') . 

By ipeans of : the present process, it is possible* to obtain 
surfaces having, an exposed pattern of conducting polymer in 
which the pattern of conducting polymier has any geometry or 
pattern which is conventionally achievable using 
photolithographic techniques. 'Thus, it is possible to achieve 
patterns in which the line width of the regions of high 
conductivity or low conductivity is as fine as 0.1 micron 
linewidths^ using current state-of-the-art optical lithography 
25 techniques, and -10 nm or below using state of the art 
electron-beam or ion beam exposure tools. 



- The patterned isurf aces of Conducting polymer produced by 
the present proceiss aay be used ;as the conductive element in , a 
liquid crystal display device.. ThjiSr the present patterned 
surface can- be used as a replacement^ for a conveptiptial 
patterned sutf ace of ITO in a ligaid crystal dist)lay device.; 
However, as alluded to above, due to the flexible nature of 
the conducting polymers, it is preferred that the present 
patterned surface of conducting polymer be present on a 

flexible substrate and constitute the conductive element in a • 

flexible liquid crystal display device 

Figure l is a schematic diagram of one embodiment of the 

present method. In the first step, a film of PPy is formed on 

a^^OTyffiBr--substrate7--^Ift-^e--se^ 

photoresist is spincoated on the PPy. In the third step, the 
photoresist is exposed to actinic radiation in a pattemwise 
fashion. In the fourth step, the exposed photoresist is 
developed to remove the photoresist from the regions which 
. were exposed to actinic radiation in the third step and to 
expose regions of PPy. In the fiftl^ step, the exposed PPy is 
removed by etching, and in the sixth step, the rema^':ning 
photoresist is removed. 

The present invention will now be explained in further 
detail in the context of PPy. However, it is to be understood 
that the good effects of the present invention may be achieved 
using other conducting polymers. 



' . This invention desbribes a- siiiiplev : practical prbdfess^^^ 
producing bigh resolution pattern ofi/a conducting polyne^^ 
polyneric .sui>strSt€s ."^^"TPKiS-is^es??^^ 
cdntenpiated in any. of the ;p reports on; :iAi/t>i^ 

of conducting polymers* Ttiih films of PPy can be deposited ;by 
the , in-sltu method onto plasmdr^mbdif led * f lubrbpblymeric. ^'^ 
substrates using previously .described procedures. : A ' . . 
photoresist is then applied to the conducting polymer; flln. 
the jphbtbresist ' is exposed with Uy. light through^ a cohtact 
ina^kr and is developed to fotn a pattern of photoresist. pi^. top 
bf the PPy film. An aqueous solution of sodium- hypochlorite 
or other reagent is then applied to the photoresist-coated PPy 
to—remove-^the-PPy - f i~lmh-f tom-the— by the 
' photoresist • Finally, the photoresist is dissolved:, from the 
surface using a solvent such as acetone, leaving patterns of 
electrically conductive PPy on the f lu6ropolymer substrate. A 
schematic description of ' this process is ^ shown in Figure 1. 
The PPy-patterned substrate is then, used as the pattern- 
forming conductive element in a liquid crystal display. 

In a variation of the present invention, the PPy is . 
deposited onto the f luorbpolymer substrate as above and the 
photoresist is applied, exposed with UV light, /and developed* 
with an aqueous solution of tetramethylammonium hydroxide 
(TMAH) - a conventional commercial photoresist developer^ The 
TMAH increases the surface resistance (and decreases the 
electrical conductivity) of the PPy by a factor of -150, but 



does liot remove the PPy from the:;s\ibstrate^ -^^^^ 
is then dissolved from the. substirate as above.;. In this, case, 
thfe highly condiuctivelBPy Tegiohs^ active' 
regions of an LC di^lay , wh«eas -the in^re.hig^^^^ resistive, 
base-treated regions will not 'sw.i^tch; as effectiyely at the 
same applied voltage and do. not function: as active areas. . 
This configuration may be preferred in applications where the 
complete feaoval of ;the.PPy film is not desired.. In this 
embodiment, steps (d); and (e). are cbmbinede - . 

Finally, certain reagents, such, as hytoochloric acid, 
nitric acid, sulfuric acid, and perchloric acid as well as 
those reported in the literature have been found to decrease 
the surface resistance— (ahd--increase-^e-6Dnduct4yity) of as- 
formed PPy films by up to a factor of 3- Treatment of PPy 
films ^ either before or after, photoresist patterning 
procedures described above, can be used to optimize the 
electrical characteristics of the PPy for display ^ 
applications. . . ' 

Materials and methods for producing patterns of 
conducting PPy patterns on fluor ©polymeric substrates, are 
described in the examples below. However, the photoresist 
patterning method, coupled with appropriate reagents tot 
either removal, impairment, or enhancement of the electrical 
properties of the conducting polymer is a general concept that 
can include non-f luoropolymeric substrates (including 
inorganic and other polymeric materials) , other conducting 



pblyners - (such as polyaniline, pdiythiophene^ poiyacetyiene) V 
arid other etchants (solution flhase or plasma) 1 . The patterri^d 
conducting polymers., produced by this approach can be used fir 
liquid crystal displays sensors or transducers f or - ' ^ . 

electrochemical, radiation, temperatur^, or acoustical -inputs 
microelectronic circuitry, or other applications where 
patterns* of electrically conducting polymers are required. . 

Other applications of the .patterned conducting polymers 
afforded -by the present invention include:- actuators; 
antiradiation coatings; antistatic coatings and carpets; 
coatings, f ibers/f ilms, paints, etc.; artificial muscles;: : : 
batteries (lightweight, high ener'gy density, rechargeable, 
flexible, odd-shaped); capacitors and supercapacitors; 
catalysts; coating for initiating electroless pr electrolytic 
metal plating on dielectric substrates;: conductors 
(lightweight) ; controlled-release medicine delivery systems^; 
corrosion-preventive paints; displays; electrbchromic and 
electroliODinescent displays; smart windows; electrodes. . 
(catalysts, fuel cells, etc. ); electromagnetic shielding; ^ 
electromechanical actuators' for biomedical devices, 
micropositioners, mi'crotweezers, microvalves; . etc. ; electron- 
beam resists; field effect transistor?; fuses (reversible) *gas 
separation membranes; heating elements (e.g.., clothing) ; 
infrared reflectors; photolithographic resists; loudspeakers, 
(electrostatic); memory devices (electrical, optical); 
molecular electronics; micro- or nanoelectronic circuitry; 



npnlinear optics;: packaging materials; pH modulator; . 
polymer/ solid electrolytes; semiconducting devices: p-n 

junction, -photovoltaicSr-SchottJs^-^iP^^^ , 
diodesr transistors, etc.; and transparent conductors. 

Such applications are discus^sed in J.S. Miller, Adv. 
jifatejr.r,Vol. 5, p. 587 (1993) and in Moreau, pp. 759-523, 
vbich are incorporated herein by reference. 

A polymer or glass fiber coated with PPy or other 
conducting polymer in a selected region may be used as a 
biocompatible electrochemical sensor that may be inserted or 
implanted into a. cell or other snail area. It has recently 
been reported that neurons may be stimulated by voltages 
appl ied t LQ a conduct ing polymer-coated pl astic; there was ho 
pattern definition involved. The present invention may be 
used to provide electrical stimulation to neural networks much 
like those currently produced on glass substrates. Acoustic 
sensors may be fabricated by putting PPy electrodes onto^ 
piezoelectric polymer such as jpo.lyyinylidene fluoride. These 
sensors become more sensitive as they have less mass to 
displace, and using a lightweight conducting polymer, rather 
than a metal electrode, could yield improved acoustic sensors, 
conducting polymers have high electrical conductivity, but 
poor thermal conductivity and, as such, may be used to prepare 
improved pyroelectric detectors, because current materials are 
much better thermal conductors and spread heat, thereby 
lowering the resolution of the thermal image. 



*^>T.ir In additatm {Patterned suriTaces: of ' cdnductihg 

^olLyj^ers ^msy as a platLiQg -base for/thQ^palrtenKvise 

dbn^uct^iiig'^p^^ a plating base for either. . 

ei^qtrolesis^ plating or. electroplating (in vhic^ current is 
passed through^ the cphdu pdlyiner) of metals as. ciz'cuit ' 

traces ; vias V , or' : interconnects- on nonconductor stibstr ates . 

other . f eatiar es* bt the ; invetit ion . will become apparent in^ 
the courise' of^,,tlie.f olioviifig' descriptions of ea^empiary : 
enbodin^nts which, are given, for illustration* of - the L invention . 
anifi are .nbt:' ihtc^nde^ 

.-^SDOMPitSiifS^;-^ FEP 

substtratesf ; . ' ' 

X V" *- . Conductive* fiima^ of pblypyrrole. were deposited onto : 
: modified tetraf luoroethylene-corhexaf luprppropylene .(FBP> 
.f ilms (obtained f rorni^ DuPbnt: Co.', Wilmington/ DE) using the in- 
i?ltu polym'erization method; A transparent film. of .FEP was cut 
into a 1.5 X i.S inch square and. then uitrasonically cleaned 
in methanol, i^br 30 sec* The' FEP was then placed into a 
Harrick radio frequency glow discharge (RFGD) plasma cleaner 
(Model PbC-23g)_ which was. modified with an in-line high vacuum 
leak valve for controlling gas flow and chamber pressure* A 
mixture of H, and methanol yas then introduced into the plasma, 
chamber under constant flow conditions such that a constant 
pressure of 100 m(Torr was achieved.. .The FEP film, was then 
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-exposed to a plasma for i.5 min.. After removal from the 
• .. plasma chainber the modified F£P film was then ultrasonically 
v.. /washed in methanol* — ThiS;-preeess-eontrolla]>ly>:def luorinates 
; • . the FEP film and pjroduces hydroxyl (-0H) groups on the ^surface 
5 of the polymer • The plasma modification process has been 
..described in.U.S. Patents 4,946,90.3 and 5,226,309, which are 
incorporated herein by reference. 

Deposition of conducting films of polypyrrole {PPy> onto 
. modif ied FEP was done using an in-si tu polymerization 
10- .technique. Pyrrole monomer (6.6 mL) was dissolved with 

oiagnetic stirring in 100 ioL of ' pi water (200 laL beaker, room 
: .temperature) during 15 minutes. In a separate 400 mL beaker, 
, ferric_jchlori'de (3,5g> w a s, dissolveid with mag netic stirring in 
100 - mL of DI water. After 5 minutes stirring at room 
.15 - temperature, 0.9 8g of anthraquinone-2-sulfonic acid sodium 

salt (AQ2SA) was added to the ferric chloride solution. This 

• ■ - . ■* 

. solution was stirred for .5 more minutes to dissolve «the AQ2SA. 
. Then, 5.34g of. 5-sulfosalicylic acid sodium salt (SSA) was • 
added, and the^ solution was stirred for 5 more minutes' to 
20 ' dissolve the SSA completely. 

Polymer sxibstrates were immersed inside the 4.00 mL 
beaker. The entire 100 mL of pyrrole solution was added 
c[uickly (during 1-2 seconds) to the beaker containing the 
ferric chloride mixture, completely immersing the polymer 
25 substrates into the deposition solution. After 5-15 minutes 
in the deposition solution, the substrates were coated with 



ttein- PPy films, and were removedViroiS' ioi .beaker V/. Sho^et' • 
deposition tijaes yielded' fxtns ^<!>f . high4^ transpar^ehcy. v^d . 
iligher siirface resistance than those deposited^t longer ' 
times. The WPy f iins were ultrasbnic^lly icleaned in. i Mpo, ibL - 
beaker filled with water for 305se<r, uitrasbnically cleaned 
in methanol for 2 min/and then rinsed in meth'ahol for! 20 seci 
The PPy films, were then dried under nitrogen flpwi 

The PPy films oh the FEP substrates were char^ct^ized by 
UV-Vis-NX^ spectroscopy and by 4 -point probe resistance 
measurement. Measurement of the. intensity of the 550 ha peak 
pf the PPy film by yy spebtroscppy gave both the transparency 
and thickness of the PPy film. Typical transparencies ranged 
'rfroir3o=^55Y'^Eraf^^ film., thickness , 

/ ranged from 10. to 2.5 nm (using the conversion, factor of 0.0375 
Absorbance units a"3.5 nm thickness); Electrical measuremehts- 
of the PPy films were made using ^ Sigiiatone ioodel .4-poiht 
probe with a Keithley model ise Voltmeter and Xeithley . model 
224 power supply. Typical values of surface resistance -for ; 
' as-prepared f ilms ranged-between 600-4000 ohm/sq, although ^ 
some preparations yielded PPy films with surface resistances 
as high as lOK ohm/sq; corresponding electrical c6hductivities 
ranged between 100-1300 S/cm. PPy films allowed to stand in 
• air under ambieht conditions generally exhibited an increase 
. in surf ace resistance over a period ot several days; 

stabilizing at values typically ranging between 5-io kohm/sq. 



PPy films for display; fabrication were used as soon as . . 
possible after deposition "to avoid oxidative degradation. 

EXAMPLE 2 > Ef feet Qf various reagents on the electrical ' 
properties of PPy films. ^ T; . 

Films of PPy on FEP substrates, prepared as described in 
ExEunple 1, were treated with various solution reagents for • 
times ranging from 30 sec to 10 min, and the change in 
surface resistance. of the PPy film was measured using the 
fourrpbint probe technique. Although PPy films for these 
experiments were taken : from the same, preparation, the surface 
resistance values- from sample to sample can vary by a factor 
of 2 -3 f so-the-ehanges— in~«ir£ace:-x^sj^t a re r eported 
normalizfed to the initial value of the PPy film prior to 
exposure to the reagent. For the results shown in the Table 
below, the initial surf ace resistance values for the PPy films 
ranged from 2 Kohm/sq to 6 kohm/sq^. 

It should be noted with regard to the surface resistance 
changes that if the PPy film is of the highest quality, i.e-, 
lowest starting surface resistance/highest conductivity 
values, then the acid doping has little affect. The data in 
the table was obtained for films of moderate quality, where 
the additional increase in- doping level could be discerned. 
However, the base-induced undoping was effective regardless of 
the initial PPy surface resistance - for the typical ranges 
produced above* 
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> :The reagents aiid\ theiif veff 6^^^^^ siir£a<re;:xesl^tance\\/ 
are* listed '.'below - for ' 1 min: -.limneif sibh itimes at • 22.*C: * * * ^ * ''^ ' ii ^f^^::: - 
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1:1 MF-3 12 developer (see Ex. 3 J 
Cone* HH^Oli . 
4M NaOH (aq) . 
IM CHjCOOH . ' 
30% H2O2 

IM HCl ' - . 

IM H^SO^ ... 

IM HHO3 . V - 

Irf HCIO4 ■ ' 

IM HaHO) . 

O'.IM AgNOj 

IM MhOj in IM HCl 

Clorox bleach (5.25% NaOCl (aq)) 

0:iM (NHJ^CeXSOJ, 

Acetone 



Surface Resistance (RyV 
Change ^- ' , y / ' 

Increased 142x 
Increased 82x 
Increased 1 » 3x ' 
Increased 1 . 4x * 
increased 1 . 9x 
Decreased .2 • Ox u' 
Decreased 1. 7x 
Decreased 3 : 2x: 
decreased 1.9x> 
Decreased 1 • 4x . 
Unchanged . (<101;> 
Decreased 2*5x 
Renoved filn 
Removed film 
Increased l*4x 



• These data show that . reagents suich . as: MF-312' developer. : 
..and axunohiUD hydroxide severelyrinipaif. the .surface resistancci 
(sind therefore the electrical^ cphdtictivity) of* PPy filns; 
acidic reagents can improve R^ aiid Itr by^ -•2-3x; ac^toiie which* is' 
employed in the photoresi3^^t removal step (See Examples. 2 and* 
3) does not materially' affect the electrical properties, and-, 
strongly- oxidizing reagents such, as sodium hypochlorite ahd*^ 
eerie ammonium sulfate dissolve the PPy film and remove it . ' 
from the fiuoropolymer substrate. 
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EXAMPLE 3 , Fabrication of patterned. PPy films using sodium 
hypochlorite etchant.* 



J, Polypyrrole-coatcd ; FEP substrates were produced, as . 
described, in Example 1. The .PPy-r coated' substrate was spin- . ! 
coated with 1.2 im thick film o£.S14 00-27 photoresist (Shipley 
Cbv) »- The photoresist was e^cpbsed.to 21^ sec (total dose - 200- 
TsJ/CB?) of patterned UV (365-405 ;^nn) radiation using a Hg/Xe ; 
lanp-^based contact printer (Karl'SOss Co.) with a chrone-on*^ 
glass. contact mask.. The exposed photoresist was dissolved 
using MF-3 12 developer (Shipley Co.). at 1:1 dilution with DX - 
water (the diluted solution is. composed of 0*27)l 
tetrainethylammonium hydroxide, TMAH) for 1.5 min and was 
rinsed with 01 water. The substrate was then immersed in a. 
solution of Clorox^ bleach (aqueous sodium hypochlorite) for 
30--60-^cu.tQ^issolye the^gy^f 11m from the regions left . . 
unprotected by the photoresist; the substrate was then rinsed 
with DX water and dried under a stream of nitrogen.: The 
photoresist was then removed by imihersiiig the substrate in 
acetone for 1 min, and the substrate was rinsed with DI water 
and dried. Examination of the substrate by optical microscopy 
showed, patterned regions of polypyrrole that replicated the- 
patterns on the contact mask, with features having minimum 
linewidths of -50 /im and sharply defined edges. The same 
procedure was used with a contact mask having serpentine 
patterns and linewidths as fine as 10 itm. Optical micrographs 
of the patterned PPy films are shown in Figures 2a and 2b, 3, 
and 4. In Figures 2a and b, the lighter regions are those in 
which the conducting polymer remains, and the darker regions 
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•are?^ those in^'.whlch the conducting, polyner was removed * .in 
Figures 3 and 4^ the lighter regions are those in which the 
conducting, poiymer was removed ahd, the darXer regions jsire 
'those in which the condiicting.: polymer remains. 

The- same. PPy patterning procedure was used as described . ' 

above, with this exception that a high, resolution lithographic . 

test mask, was employed with an exposure dose of ioo-mJ/cmi' and*. 

a development time of '1,5 min. Ihsp^iction of PPy patterns 

under the optical microscope revealed patterns with minimum . 

linewidths of 1t2 m^* - 

EXAMPLE 4 . Fabrication of patterned' PPy films using eerie 
.ammoniuift sulfate etchan^» - . . 

Polypyrrole-coated FEP substrates are produced as 
described- in Example 1 and. are coat^ with photoresist, 
exposed and developed' as- described in Example 2. The . 
sublstrate. is then immersed in an O.r M aqueous solution of 
.eerie ammonium sulfate for a. period of XO min'or less to. 
remove the PPy film from the regions not protected by ^ ■ . 
photoresist, rinsed with Dl^watei^ and dried. The photoresist, 
is removed by immersion in acetone as described above, leaving 
patterns of PPy on the FEP substrate. 
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EXAMPLE S > Fabrication of patterned- PPy films with, lowered 
surface resistance'; " 

Patterned polypyrrole-coated FEP substrates are produced - 
as- described in Example 3. A^ter -removal of the photoresist, ... 
the patterned PPy film is immersed in a solution of aqueous 
(IM) nitric acid for 1 min, rinsed with DI water and dried. 
The acid dip decreases the surface' resistance of the .PPy by a > 
factor of -3x. 

T ptAMPLE 6 ^- Fabrication pf patterned PPy films, using .'MF*312. . 

Polypyrrole-coated F.EP substrates were produced as • 
described in Example 1 arid were coated yith photoresist, 

exposed and developed as described in E xample " Z ^^ The MF- 3 12 

developer degrades the electrical properties of the PPy film 
in the regions unprotected by the photoresist » . The 
photoresist is then stripped with acetone as described above. 
The f iuoropolymer substrate now . has . patterns of. highly* 
. conductive PPy film corresponding to the regions that were 
protected by the photoresist? in the other areas, damaged PPy * 
with -I50x higher sinrf ace resistance remain* 

EXAMPLE 7 . Fabrication of a liquid crystal display using 
patterned PPy films. 

An unpatterned PPy-coated f Iuoropolymer substrate (-2" 
square) was produced as described in Example 1. A patterned 
polypyrrole-coated FEP substrates was produced as described in 



.WUy7/10y«4 ... . ... 

fecaipie^ vas inserted between; ' 

the iwo substra%^ to be able to control the spacing of the . \\ 
ce^;ilV; Tta.^ PDK f abricjated by mixing equal weight..' - 

piplrcentag^^^^ : eu^cltl neAatic?: liquid, crystal mixture p - (Eir: 
dhmicals) -an^^^ Norland* Optical • 

Adhesive (#6Sv:^^^ B^^ Norland adhfesive,. . 

the liquid; crystal is dissolveab in a ipre-polyner, and a small 
amount of ..this ]^^^ miactufe* Is placed on the conducting 

polymer sS^ spacers.; The substrates are:i>laced 

on . tpp o^f : eacK other with the conducting surfaces f acing 
toward the inside of tJ^ei ; cell with a small offset, such that . 
the electi^ical cohtaict can be made^ . The sample . is 
phbtopoiymeirized for a^^ minutes using 36a nm 

;UV light. Coxinie^rt ion tor an electrical power supply was made 
by attaching metai clipa to the PPy film^coated substrate. 
The PDLC device; fabricated' in this, manner using the 
polypyrfole film as the conducting. 's^ exhibits * 

.electrooptic. switching. The voltage dependence of the 
intensity. Vf . transmission of the PDLC device with polypyrrole 
substrates shows a threshold voltage of about 15 vclts beyond: 
which the intensity attains a saturation value. . 

' ■ - ' * . • * 

EXAMPLE a, PDLC device fabricated from PPy film on PET.. 

A nuiii>er of PDLC devices have been fabricated using both 
polypyrrole and polyaniline films as electrodes. Here the 
f abrication 'and working of one type of PDLC as a typical 
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. example is described. The PDLC device was fabricated using 
. polypyrrole. coatetd PET as described in Example 2 • A. schematic 
~ ' diagram p£ this device (the diag2^am is greneric^oxr-anYrtype of 
>. conducting^ polymex film) is shown in Figure 5* This device .; 
5 . has a very important f eature r the electrically conducting 
siirfaces by which the voltage is applied to the device are 
conducting, polymer films. Thus, the ITO coated glass or 
plastic conducting substrates of the usual PDLC devices are 
replaced by conducting polymer films in this device. ^ 
: .10 The conducting polymer (polypyrrole) coated PET was cut 

inito strips of appropriate size (e.g., 5x5 cm^) for the PDLC 
cell fabrication. To be able to control the spacing of the 

cell be tw ee j i th e/electgode&7r-CT»e>-Qf->the-substrates was treated 

with the 15 micron size spacers. The PDLC device was 
15 fabricated by mixing equal weight percentages of eutectic 
nematic liquid crystal mixture E7 (EM chemicals) and UV 
curable optical adh^esive. Norland Optical Adhesive #65. The 
brdinaxry refractive index of the liquid crystal is nearly 
equal to that of the polymer (n»1.524), a prerequisite to 
20 fabricating a PDLC light shutter. Before polymerization of 
the Norland, adhesive; the liquid crystal was dissolved in a 
prepolymer and a small amount of this homogeneous mixture was 
placed on the conducting polymer substrate with the spacers. 
The substrates were placed on top of each other with the 
25 conducting surfaces facing toward the inside of the cell with 
a small offset, such that the electrical contact can be made. 



The .sampife was phot6poly»«ijz'<^ fbk'a^ twenty! : -J^^^^^^ 

ainutes in 'try ilghit (360 ;im^^^ prerpoijiaeic iDoie*:y;s- v. / 

polymerizes, the ibw mdieculaje weight li«p'ld crystal Is ho ' 
longer sol\iJ>ie in the polymer bihder and it subsequently phas^^^ 
separates from the .polymier^^. b iThe liquid crystal droplet 

morphol6gy begins to form and the droplets continue to grow! • 
until the polymer binder locks in the droplet morphology >nd • 
size. The FDLC device , fabricated in this mannei: using the . 
polypyrrole f>l» as t^ coii(4ui*ing substrate, Mchibited- 
electro-Coptic switching. -The voltage, dependence ot'thB 
intensity of transmission of the PDLC device with polypyrrole 
substarates showed ■ a thresh*>ld voltage of about^ 15 volts beyond 
which the inirerisitr atWns V This 
behavior, the qiialitative n^tiire of the variation of the >; 
intensity with applied voltage, as well as the magnitude; of 
the threshold voltage, are very. similar to those in. currently . V 
used PDI^ devicesVwith lTO based: substrates. 

TrxAMPLE 9 . Twisted nematic liquid crystal display device 

fabricated from PPy fil» P^P- * 
0 A Tk C611 was fabricated using polypyrrole films 

deposited on PET as iii Example 2. The cell (Figure 6) 
consists of two conducting substrates, two polarizers, spacers 
to control the ceil thictoess, and eutectic nematic liquid 
crystal material (F7). The conducting substrates were treated 
(unidirectional rubbed) to create uniform parallel alignment. 
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The slobstrates. were sandwiched togeth« with the conducting 
sides' facing eacdi other, a small of f set to allow for electric 
= conriectiohVr iSa with tBe"alignm«^ the top 

substrates rotated at 90' with Vrespect to the bottom 
5 substrates. The spac«rs, (iisuallyj^3-10 microns)" were, placed 
betveen the substrates so as to control the cell thickness. 
The two opposing side edges are sealed with an epoxy glue and 
the cell is filled with the liquid crystal by capillary 
action. Placing the ceill between crossed polarizers completes 

10. the TM display. 

The electro-optic characteristics of a TH device, 
fabricated using the conducting poiymer (polypyrrole) films 

investigated. The applied voltage was 24 volts across the 
thickness of the cell- The rise time and the off-time, 
evaluated from the value of the optical intensity at 10% and 
90% of the intensity, are 35 ms and 54 ms. Thus, the 
functioning and the characteristics of a Working TN. device 
fabricated with an optically traiisiparent conducting polymer as 
the conducting substrate has been demonstrated. This reduces 
the steps involved in the device fabrication. 

Obviously, numerous modifications and variations of tbe 
present invention are possible in light of the above 
teachings. It is therefore to be understood that, within the 
scope of the appended claims, the invention may be practiced 
otherwise than as specifically described herein. 
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^ ' 1.. A.process: for .preparingj a pattcarned cbnductiiig^ * * 

polymer . ^ / 

. (a): foriing a surf ace of si conducting, polynier pn. a 
• surface of a substrate; 
(b) fonaing a surface of a blobXing material \oh said 

^;^^ya:ffcet of said conducting polymer iii a patteriiwise . 
tashi6n# to obtain a fi^ 

containing regions of exposed conducting polymer and 
' . .regions of .blocking material; 

(c). tr eating said first patterned surface with' an -age^^ 
whiich: (i). removes said conducting polymer- from said 
- regions of exposed conducting polymer; (ii) 
. : decreases the conductivity of said conducting. 

polymer in. said regions of exposed conducting 
polymer; or. (iii) increases the conductivity of said 
conducting, polymer , in said regions 6f exposed , 
conducting polymer; and 
(d) removing said blocking material to obtain a second 
patterned surf ace containing an exposed pattern of 
. conducting polymer. 
2. The process of Claim 1, wherein said substrate is 
selected from the group consisting of glass, quartz, silica, 
silicon, silicon nitride, alumina, aluminum nitride, titania. 



titaniiuii nitride, diamond^ waxes.; polyesters/ 
t>i)lyvinylacetater polyolefinsi poj^y ethers, 
pblyyiiiyliaethylether, polyviriylbutylether, polyamides., 
poly aery ikmide, pblyimides/ polycarbonates, poly sulf ones, 
polyKetories , f luoropolymers , ardiatic hydrocarbon poiyi&ers, 
acrylate and acrylic acid polyiners> phenolic polymers, 
i>oiyvinyIalcdhol, poiyamines, polypeptides, siloxane polymers, 
polyvinylchloride, polyvinylbenzylchloride, pbiychlorostyrene, 
polyvinylbutyral, copolymers thereof, and mixtures thereof., \ 

3/ The process of Claim i, wherein, said conducting 
polymer is selected from the group consisting of ^cis and. trans 
-poly acetylenes, polydiacetylenes , polyparaphenylenes, 
polypyrroles , polythiopheneKT-Tpolybithiophenes , 
polyisothianaphthene, polypheny leneviny lanes, • 
polythienylvinylenes, polyphenyienesulf ide, and polyaniline. 

4. The process of Claim 1, wherein said conducting 
polymer is polypyrrole. 

5. The process of claim 1, wherein said conducting 
polymer is polyaniline. 

6. The process of Claim 1, wherein said agent is 
selected from the group consisting of ion milling, plasma . 
etching, hypochlorite salts, cerium (IV) salts, aqueous R^-J^H,' 
OH- (where R is C^.^-alkyl) , HCl, HNO,, HCIO,, and H^SO,. 

7. The process of Claim 1, wherein said agent is a 
hypochlorite salt. 
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. / 's. * !rhe process oi- ciaiii li wherein said' agent is, ' I 

*•••.''..""'-.* . . . ' . 

€4traBethylai»onium hydroxide.- 

. 9;: A patt conducting, polymer surf ace prepared by a 

process comprising: , - / 

' (a) if brnihg a surface of a conducting polymer on a. 

.Surface of a substrate; 

(W ^^^^^^^9 surf ace of • a blocking material on. said 

. surface of said* conducting polymer in a patternwise- • 

. '^^vfashioTir to obtain a first patteamed surf ace; . 

• v; ; containing , regions of exposed conducting polymer and- 

regions of -blockiiig material; 

(c) treating said first patterned surf ace with ah agent 

which: (i) removes said conducting polymer from said 

. .. regions of exposed conducting polymer; (ii) 

,5' . decreases the conductivity of said conducting 

polymer in said- regions of exposed conducting 

polymer; or (iii). increases the conductivity: ctf said 

conducting polymer in said regions of exposed.. 

conducting polymer; and 

20 . (d) removing said blocking materiel to obtain a second 

patterned surf ace containing an exposed pattern of . 

conducting polymer. 

ID. The patterned surface of Claim 9, wherein said 

substrate is selected from the group consisting of glass, 

25 quartz^ silica, silicon, silicon nitride, alumina,- aluminum 

nitride, titania, titanium nitride, diamond, waxes. 



polyesters/ polyvinylacetate, polyolef^^ polyethers^ 
polyvinylmethylether, polyvinylbutylether , polyamides^ 
polyacrylaalde pglyigi"^* ^ ^ , pol y car bona teesr-po^lystta^ones , 
pblyketonesi fluoropolyners, aromatic hydrocarboh polymers, 
acrylate and acrylic acid polynejqs, phenolic polymers, 
polyviriylaicohol, polyamines, polypeptides^ siloxane polymers, 
polyvinylchloride, polyvinylbenzylchloride, polychlorostyrene, 
polyvinylbutyral, copolymers thereof , and mixtures thereof • 

11 • The patterned surface of Claim 9, wherein said 
conducting polymer is selected from the group consisting of 
cis and trans polyacetylenes, polydiacetylenes, 
polyparaphenylenes, pplypyrroles, polythiophenes, 

-^palyMthiophenesT--P^lyis»^anaphthe^^ 

polypheny lenevinylenes , polythieny Iviny lenes , 
polypheny lenesul fide, and polyaniline. 

12. The. patterned surface of Claim 9, wherein said 
conducting polymer is polypyinrole. 

13. The patterned surface of Claim '9, wherein said 
conducting polymer is polyaniline. 

14. The patterned surf ace of Claim 9, wherein said agent 
is selected, from the group consisting of ion milling, plasma 
etching, hypochlorite salts, cerium (IV) salts, aqueous IR^.JHB^^ 
OH' (where R is C,.,-alkyl) , HCl, HNO,, HClO,, and H,SO,. 

15. The patterned surface of Claim 9, wherein said agent 
is a hypochlorite salt. 



ie^il : -Tlie p4ttert wheriairi said* agehtt , 

. ' . ^ devlqi> cotoprising a y 

' 5 : conductiVig jiolymer siiifface pre^|lair#^^^ a process ponprisiAg: : 
- / (a> fpriing %\n:f ace of a. cpiiducting^ p 9"^; A 

surface of a substrate;; . . • . 
. ^ forming a*^arf ace* of ..a-blboXing naterial' bi>. said . 

. : ^ sorf ace of '^said conducting: polyaer. in a ipattfigrnwise: 
^(y . . fashion, .to obta^ / 

containing' regions of expoised. conducting ^pbiymer and 
regions of blocking ^material; - 
V . (c) treating said first patterns 
; which: (y "remoS^^ 
^5 regions of exposed conducting polymer ; . .(ii) /■ 

decreases the conductivity of said cpnductihgf 
- polymer ih-^said regions of [exposed conducting' 

polymer; or: (iii) inereaseW the conductivity of said 
' conducting polymer in said regions of- exposed 
20 conducting polymer; and 

(d) removing said blocking material to obtain a ;^econd. 
\ ^ patterned surface containing an exposed pattern of 

. conducting polymer ♦ 
18. The device of Claim 17 vherein said substrate is 
25 '. selected from the group consisting of glass,, quartz^ silica, 
silicon, silicon nitride,, alumina, aluminum nitride, titania. 



titanium nitride, diamond, waxes, polyesters, 
polyvinylacetate, polyolefins, polyethers, 
pblyvinylmethyiether , • polyvinylbutylether ,~poly^ 
polyacrylamide, polyimides, polycarbonates, polysulfoAes, 
polyXetones, f luoropolymers, arbmatic hydrocarbon polymers, ' 
acryi^te and acrylic acid polymers, phenolic polymers, 
polyvinylalcohol, polyamines, polypeptides, siloxane polymers, 
polyvinyichloride, polyvinylbenzylchloride, polychlorostyrene,. 
polyvinylfautyral, copolymers thereof, aiid mixtures thereof . • 

19 » The device of Claim 17, wherein said conducting 
polymer is selected from the group consisting of els and trans 
polyacetylenes, polydiacetyleiies, polyparaphenylenes, 
polypyrroies pelythiophen es , pol ybi th i opb,e-nes , 
polyisothiahaphthene, polyphenylenevinylenes , 
polythienylvinylenes, polyphenylenesulf ide, and polyaniline. 

20. The device of Claim 17, wherein said conducting 
polymer is polypyrrole. 

21* The device of Claim 17, wherein said conducting 
polymer is polyaniline. 

22* The device of Claim 17, wherein said agent is 
selected from the group consisting of ion milling, plasma 
etching, hypochlorite salts, cerium (IV) salts, aqueous R,.,^!^ 
OH- (where R is c^.,-al)cyl) , HCl, HNO„ HCIO^, and HjSO,. 

23. The device of Claim 17, wherein said agent is a 
hypochlorite salt. 
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; - ? 24 ; ^ .T^ of ciaite 17, wherein said .agoit is . 

; .. * . tet:rameth^laTOi9 / - • . 

V: " 2 of ciaiiA 17; which is a liquid crystal . 
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FIG.2B 

SUBSTITUTE SHEET (RULE 26) 




a: Substrate: PET, FEP, OR Glass 
b: Conducting Polymer ■ . 



FIG. 5 



SUBSTITUTE SHEET (RULE 26) 



FIG. 6 




CONDUCTING POLYMER TWISTED NEMATIC CELLS: 

a: Polarizer / Analyzer 
b: Substrate: PET, FEP^ Glass 
c: Conducting Polymer: pPy, PANI 
d: Alignment Layer: Rubbed PPy or PANI 

Rubbed Pblylmlde, 
Non^rubbed Alignment Layer 

CONVENTIONAL TWISTED NEMAtIC CELLS: 

a: Polarizer / Analyzer 

b: Substrate: Glass 

c: Conducting Coating: ITO 

d: Alignment Layer: Rubbed Polymlde 

SUBSTITUTE SHEET (RULE 26) 
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